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(57) ABSTRACT 

Incident signal beam pulses are transmitted by an on-state 
region, and an optical path for the signal beam pulses is 
spatially switched in an optical sWitch. Signal beam pulses 
transmitted by the on-state region of the optical sWitch are 
detected at a pixel corresponding to a transmitting region of 
a photo-detector equipped With a plurality of pixels. A 
timing computation unit acquires position information of a 
pixel at Which a predetermined signal beam pulse has been 
detected, on the basis of a result of the detection conducted 
by the photo-detector, and computes timing of arrival of a 
predetermined signal beam pulse at the optical sWitch on the 
basis of the position information of the pixel and time When 
a region corresponding to the pixel is brought to an on-state. 



Patent Application Publication May 27, 2004 Sheet 1 0f 15 US 2004/0101301 A1 

FIG.1 
2(2a) 

40 a: 365 HRQE BAu 

(a TIMING COMPUTATION UNIT 



Patent Application Publication May 27, 2004 Sheet 2 0f 15 US 2004/0101301 A1 

FIGZA 

FIGZB 



Patent Application Publication May 27, 2004 Sheet 3 0f 15 US 2004/0101301 A1 

FIG.3 



Patent Application Publication May 27, 2004 Sheet 4 0f 15 US 2004/0101301 A1 

F164 



Patent Application Publication May 27, 2004 Sheet 5 0f 15 US 2004/0101301 A1 

FIG.5 

TIMING COMPUTATION UNIT 



Patent Application Publication May 27, 2004 Sheet 6 0f 15 US 2004/0101301 A1 

FIG.6A 

FIG.6B 

FIG.6C 

sAp sAp If sAp 

{38G [3Bq [BBQ 
{30* {30* (30‘ : 30s /3Ds 30s 

‘ 3Et 3Et ! fset 
4 { SFu r 3Fu I 3Fu 
<1 ¥ 5 f 



Patent Application Publication May 27, 2004 Sheet 7 0f 15 US 2004/0101301 A1 



Patent Application Publication May 27, 2004 Sheet 8 0f 15 US 2004/0101301 A1 

. QUE 



Patent Application Publication May 27, 2004 Sheet 9 0f 15 US 2004/0101301 A1 

L 
C) 
O 

\ Y 

a O ‘f Ezra-- ‘0 y H H 222 y Hg‘: 
5% 
o A ('9 

S 

% mfg K: / 
5%’ ‘ 

g?j/ 9'? \4 v (\I \ / 

4 4 '\ / Y v 

O O 

m 1:231:32 m < E E E E E m 
Q <a————w <3} 
22 g 9 
LL LL 



08...... 

US 2004/0101301 A1 

wpegmg zogumemm @522. 

Now 
4 mmegmmm momnom emu: 

All 

.52: 

5% E225, z?aémzmw 5% 528m 

<3 565% 

222%? Al 

5% 58w: ; A 

. <8 @258 E55 

PHOTO-DETECTOR 

OPTICAL SWITCH 

was; 
/ 

A <v zoHeammzmw 5mm A2528 

8 P 

5% 85.20% N g 

08 

Patent Application Publication May 27, 2004 Sheet 10 0f 15 

moeHzoz 

c ZOE 



Patent Application Publication May 27, 2004 Sheet 11 0f 15 US 2004/0101301 A1 

FKSJi 

EVALUATION OF TIME RESOLUTION 
700 

1/2 OPTICAL SYSTEM 2 886 
600 \ ‘i 888 

$66 Q6 500 8 
,\ $ 886 
i-‘Q 400 888 

‘3 68W 1/1 OPTICAL SYSTEM 
P 300 ‘3 g8 

3 88 
§ 6% 200 t 66 

100 t 868 {36° 
0 Qi 1 | | l 

0 10 20 30 40 50 

Pixel Value 



Patent Application Publication May 27, 2004 Sheet 12 0f 15 US 2004/0101301 A1 

IFIIGUIZ 

TIMING BEFORE AND AFTER CORRECTION 

time (is) 

/ 
AFTER CORRECTION 

O 5 1O 15 

time(s) 



Patent Application Publication May 27, 2004 Sheet 13 0f 15 US 2004/0101301 A1 

mmegmmm zoEumemc was; 

wow IJ 

<mow 
J 

mprgmmm 565% 

2 mozmbamm mmgmm Emmy mommom Emu: zoHemmmzmw zmmm 522m 

.52: zogmgmzoo was; 
PHOTO—DETECTOR 

OPTICAL SWITCH 

5mm "222m » P 

5 

Am mozmbamm mmgm 5mm: mugom EEG zoHemmmzmw 5mm ?EwHw 

mmom\ 

moaHzoz 

24mm .Homazoo W m 
m FGE 

mumbom saws zogmmmzmw 5mm Qomazoo 



Patent Application Publication May 27, 2004 Sheet 14 0f 15 US 2004/0101301 A1 

HGLM: 

RESULT OF FLUCTUATION CORRECTION 
400 

BEAM PULSE SEQUENCE A 
300 7 

EE 0% 0% 
65 it? 5% a? 

"(a 100 ‘.258 {g r e 9 

io§§§§ 51%.? S9100 % 5 03% 5 ii 3 
Q00? % 5 8 E i 5 
W? E; "U? E; 

BEAM PULSE SEQUENCE B 
—400 6 8 1O 12 14 16 18 O [\3 .5 

time(s) 



Patent Application Publication May 27, 2004 Sheet 15 0f 15 US 2004/0101301 A1 

FIG.15 

SIGNAL 
SOURCE 1 

SIGNAL 
SOURCE 2 TEMPORAL 

FLUCTUATION MUX OTDM SIGNAL > < 

A SIGNAL < r "' st SOURCE 3 11m’ 
A B C D 

SIGNAL 
SOURCE 4 



US 2004/0101301 A1 

OPTICAL PULSE TIMING DETECTION 
APPARATUS, OPTICAL PULSE TIMING 

DETECTION METHOD, OPTICAL PULSE TIMING 
ADJUSTMENT APPARATUS, AND OPTICAL 
PULSE TIMING ADJUSTMENT METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority under 35 USC 119 
from Japanese Patent Application No. 2002-340057, the 
disclosure of Which is incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to an optical pulse 
timing detection apparatus, an optical pulse timing detection 
method, an optical pulse timing adjustment apparatus, and 
an optical pulse timing adjustment method. In particular, the 
invention relates to an optical pulse timing detection appa 
ratus and an optical pulse timing detection method capable 
of detecting timing ?uctuation of an optical pulse or a pulse 
sequence With a timing resolution on the order of femto 
seconds, and an optical pulse timing adjustment apparatus 
and an optical pulse timing adjustment method for adjusting 
timing of an optical pulse or a optical pulse sequence on the 
basis of a result of the detection. In other Words, the 
invention relates to a jitter skeW measurement and compen 
sation scheme in the ultra-high speed optical signal mea 
surement technique and the ultra-high speed optical com 
munication technique such as optical time division 
multiplexing. 
[0004] 2. Description of the Related Art 

[0005] In signal processing, signal transmission and mea 
surement using optical pulses, time ?uctuation in the optical 
pulses becomes a chief factor Which deteriorates a ratio of 
signal to noise and a resolution. On the other hand, it is 
knoWn that electrical detection of a minute time difference 
is very dif?cult in the optical pulse measurement. For 
example, in the ultra-high speed OTDM (Optical Time 
Division Multiplexing), the pulse spacing becomes one 
picosecond (ps=10-12 second) or less. In the optoelectronic 
technique involving optoelectronic conversion, the timing 
?uctuation of optical pulses cannot be detected in principle. 
HoWever, measurement and control of such high speed 
optical phenomena are techniques indispensable for imple 
menting high speed optical pulse transmission. 

[0006] At the present time, experimental veri?cation for 
an ultra-high speed OTDM technique on the order of tera 
bits is being conducted. Frequently, in this experimental 
veri?cation, a pulse light source (such as an embodiment 
lock laser) of 40 giga bit/sec (Gbit/sec) or 10 Gbit/sec is 
used. A bit sequence of 40 Gbit/s or 10 Gbit/s is generated 
by a combination of the pulse light source and an optical 
modulator. Bit sequences from N pulse light sources are 
provided With suitable time differences by optical 
Waveguides, replicated and combined. As a result, the bit 
sequences are multiplexed at a bit rate that is N times of the 
original pulse light source. 

[0007] In the case Where veri?cation of the fundamental 
performance in the dispersion compensation or the optical 
transmission is aimed at, it can be coped With by the 
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above-described con?guration as Well. For forming time 
slots of the ultra-high speed OTDM by using information 
from separate signal sources, it is necessary to establish a 
technique for multiplexing signals from a plurality of signal 
sources While providing them With minute time differences. 
For example, in the case Where optical pulses from signal 
sources 1 to 4 are multiplexed by a multiplexer MUX to 
obtain an OTDM signal, individual signal sources or various 
systems coupling them to each other are subject to distur 
bance caused by various causes, and consequently hoW 
optical pulses from respective signal sources are incorpo 
rated into appropriate time slots Ato D of the OTDM signal 
properly becomes a problem. In addition, in the ultra-high 
speed OTDM, each time slot has only a picosecond or so, 
and consequently only jitter of 300 femto-second or so is 
alloWed. In the case Where jitter must be corrected thus 
strictly, it is necessary to measure and correct jitter in real 
time. 

[0008] As a conventional method for detecting temporal 
?uctuation or discrepancy in the optical pulses, a method 
using nonlinear optical crystal and utiliZing a sum frequency 
and a difference frequency proposed by F. Salin etc. is 
generally knoWn (for example, F. Salin, P. Georges, G. 
Roger, and A. Brun, “Single-shot measurement of a 52-fs 
pulse,” Applied Optics, Vol. 26, No. 21, 1987, Which is 
hereafter referred to as paper 1). According to this method, 
tWo optical pulses are incident on a nonlinear optical crystal 
so as to partially overlap each other in the temporal position 
relation, and a sum-frequency beam corresponding to the 
sum (or difference) of the frequencies is generated at that 
time. The sum-frequency beam is received by a receiver, and 
a point having the highest light intensity is regarded as a 
point at Which the tWo optical pulses coincide With each 
other in temporal position. On the basis of a difference in 
intensity betWeen that point and a point having discrepancy 
in temporal position, a time difference from the coinciding 
point. i.e., the temporal discrepancy betWeen the optical 
pulses is calculated. 

[0009] Furthermore, a timing detection circuit for ultra 
high speed optical pulses including a sum-frequency optical 
receiver for observing the sum-frequency beam by using the 
method described in the paper 1 has also been proposed (see, 
for example, FIG. 4 and paragraphs 0063 and 0064 in 
Japanese Patent Application Laid-Open (JP-A) No. 2001 
53684, Which is hereafter referred to as paper 2). In this 
timing detection circuit, optical pulse timing is adjusted and 
controlled to be in an optimum delayed position by detecting 
an increase or decrease in the received signal in the sum 
frequency optical receiver by means of a signal discrimina 
tion circuit and feeding back a result of the detection to an 
optical delay control circuit (an optical path length control 
ler) as a delay control signal. 

[0010] It is also possible to use a photo-detection element 
for generating photo current caused by tWo photon absorp 
tion, instead of nonlinear optical crystal for generating the 
sum-frequency beam. When utiliZing photo current caused 
by tWo photon absorption, a time difference is calculated by 
measuring an increase or decrease in photo current caused 
by tWo photon absorption that occurs in the overlapping 
portion of the pulse. 

[0011] HoWever, the optical pulse timing detection 
method using the sum (difference) frequency or the photo 
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current caused by tWo photon absorption is unsuitable for 
the real-time measurement. In the optical pulse timing 
detection method using the sum (difference) frequency or 
the photo current caused by tWo photon absorption, a peak 
position (pulse overlapping) is ?rst detected and the time 
difference is measured by using the difference of light 
intensity (poWer in the case of tWo-photon absorption) on 
the basis of the peak position. Therefore, it is hard to grasp 
at a glance hoW large the time difference is, and the 
measurement costs too much labor. 

[0012] Furthermore, in the optical pulse detection method 
using the sum (difference) frequency, fundamentally the sum 
(difference)-frequency beam is not coaxial With a detection 
subject beam. If the Wavelength of the optical pulse changes, 
it is necessary to change the angle of the crystal and the 
angle of the detector, resulting in a problem of complicated 
adjustment. Since the nonlinear optical effect is used, there 
is a problem that detection is dif?cult in the case of an optical 
pulse having Weak intensity. 

[0013] In addition, in the optical pulse timing detection 
method using the photo current caused by tWo photon 
absorption, both the detection subject optical pulse and the 
reference optical pulse must be very strong in intensity for 
obtaining an on/off ratio of some degree. This results in a 
problem that background noise also increases. 

[0014] The invention has been achieved in order to solve 
the above-described problems. It is an object of the inven 
tion to provide an optical pulse timing detection apparatus 
and an optical pulse timing detection method capable of 
detecting timing ?uctuation in an optical pulse or an optical 
pulse sequence With a time resolution on the order of 
femto-seconds and in real time. 

[0015] It is another object of the invention to provide an 
optical pulse timing adjustment apparatus and an optical 
pulse timing adjustment method capable of adjusting timing 
in an optical pulse or an optical pulse sequence With a time 
resolution on the order of femto-seconds and in real time. 

SUMMARY OF THE INVENTION 

Optical Pulse Timing Detection Apparatus 

[0016] In order to achieve the object, an optical pulse 
timing detection apparatus according to the present inven 
tion includes an optical sWitch for forming an on-state 
region at only an irradiated portion thereof When irradiated 
With a control beam pulse, transmitting or re?ecting incident 
signal beam pulses at the on-state region so as to spatially 
sWitch an optical path for the signal beam pulses, a photo 
detector equipped With a plurality of piXels to detect signal 
beam pulses transmitted or re?ected at the on-state region of 
the optical sWitch, at a piXel corresponding to the region, and 
a timing computation unit for acquiring position information 
of a piXel, at Which a predetermined signal beam pulse has 
been detected, on the basis of a result of the detection 
conducted by the photo-detector, and computing timing of 
arrival of a predetermined signal beam pulse at the optical 
sWitch on the basis of the position information of the piXel 
and a time When a region corresponding to the piXel is 
brought into an on-state. 

[0017] In the optical pulse timing detection apparatus 
according to the invention, an optical sWitch for forming an 
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on-state region on only an irradiated portion When irradiated 
With a control beam pulse is irradiated With a control beam 
pulse. Incident signal beam pulses are transmitted or 
re?ected by the on-state region, and an optical path for the 
signal beam pulses is spatially sWitched. Signal beam pulses 
transmitted or re?ected by the on-state region of the optical 
sWitch are detected at a piXel corresponding to the region of 
a photo-detector equipped With a plurality of pixels. By thus 
associating piXels of the photo-detector With regions of the 
optical sWitch, a region associated With a piXel can be 
speci?ed from the position information of the piXel. 

[0018] The timing computation unit acquires position 
information of a piXel at Which a predetermined signal beam 
pulse has been detected, on the basis of a result of the 
detection conducted by the photo-detector, and computes 
timing of arrival of a predetermined signal beam pulse at the 
optical sWitch on the basis of the position information of the 
piXel and time When a region corresponding to the piXel is 
brought to an on-state. In other Words, if position informa 
tion of a piXel at Which a predetermined signal beam pulse 
has been detected is acquired, time corresponding to the 
piXel can be speci?ed from the position information of this 
piXel. If time When this region is brought to the on-state is 
found, timing of arrival of a predetermined signal beam 
pulse at the optical sWitch can be found. In this Way, since 
complicated computations are not conducted in the timing 
computation unit, measurement in real time becomes pos 
sible. 

[0019] At this time, the detection precision in the timing of 
arrival of a signal beam pulse at the optical sWitch depends 
on the sWitching speed of the optical sWitch. According to 
the invention, the optical sWitch is sWitched by irradiation of 
a control beampulse. Therefore, the optical sWitch can be 
turned on/off by a control beam pulse on the order of 
femto-seconds. Accordingly, timing ?uctuation of the beam 
pulse or pulse sequence can be detected With a time reso 
lution on the order of femto-seconds. 

[0020] In the optical pulse timing detection apparatus, the 
optical sWitch can be disposed so as to be perpendicular to 
the travel direction of incident signal beam pulses and so as 
to be inclined at a predetermined angle to the travel direction 
of the control beam pulse. In this case, the optical sWitch is 
scanned in a predetermined direction by the control beam 
pulse, and on-state regions are formed successively as if a 
slit is moved. Furthermore, by suitably changing the incli 
nation angle of the optical sWitch, the time resolution and 
dynamic range of timing detection can be adjusted. 

[0021] The optical sWitch may be disposed so as to be 
perpendicular to the travel direction of the control beam 
pulse and so as to be inclined at a predetermined angle to the 
travel direction of the incident signal beam pulses. In this 
case, the Whole irradiated region of the optical sWitch is 
brought to the on-state at a predetermined time interval by 
the control beam pulse. It is preferable to irradiate the optical 
sWitch With the control beam pulse in synchronism With the 
incidence timing of the signal beam pulses. In this case as 
Well, the time resolution and dynamic range of timing 
detection can be adjusted by suitably changing the inclina 
tion angle of the optical sWitch. 

[0022] In the optical pulse timing detection apparatus, for 
eXample, a spot beam position sensor using surface resis 
tance of a photodiode, a CCD camera, or a photo-detector 
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array can be used as the photo-detector. An expansion 
optical system or a compression optical system may be 
disposed betWeen the photo-detector and the optical sWitch. 
The time resolution and dynamic range of timing detection 
can be adjusted by suitably changing the image forming 
magni?cation on the photo-detector. 

[0023] As the optical sWitch, an optical sWitch having a 
functional thin ?lm including a nonlinear optical material, 
Whose absorption coef?cient is changed by beam irradiation, 
and Whose relaxation time is short, can be used. In this 
optical sWitch, the on-state region may be formed by using 
over saturated absorption in the nonlinear optical material, 
or may be formed by using the optical Kerr effect of the 
nonlinear optical material. As the functional thin ?lm, a dye 
molecular ?lm is preferable, and a dye molecular ?lm 
including a J-aggregate substance of squarylium dye is 
especially preferable. 
[0024] In the optical pulse timing detection apparatus, a 
signal processing apparatus for conducting signal processing 
on the basis of the output of the photo-detector can be 
provided. For example, When signal pulses of a ?xed shape 
are measured With respect to a plurality of pixels on a CCD 
or a photo-detector array, it becomes possible to detect the 
existence position of a signal beam pulse With a precision of 
subpixel by calculating the position of the center of gravity 
of detected output signals. 

Optical Pulse Timing Detection Method 

[0025] In order to achieve the object, an optical pulse 
timing detection method according to the invention includes 
the steps of using an optical sWitch for forming an on-state 
region at only an irradiated portion When irradiated With a 
control beam pulse, irradiating the optical sWitch With a 
control beam pulse, and transmitting or re?ecting incident 
signal beam pulses at the on-state region so as to spatially 
sWitch an optical path for the signal beam pulses, detecting 
signal beam pulses transmitted or re?ected by the on-state 
region of the optical sWitch, at a pixel corresponding to the 
region of a photo-detector equipped With a plurality of 
pixels, acquiring position information of a pixel at Which a 
predetermined signal beam pulse has been detected, on the 
basis of a result of the detection conducted by the photo 
detector, and computing timing of arrival of a predetermined 
signal beam pulse at the optical sWitch on the basis of the 
position information of the pixel and a time When a region 
corresponding to the pixel is brought into an on-state. 

[0026] In the optical pulse timing detection method, signal 
processing can be conducted on the basis of the output of the 
photo-detector. For example, When signal pulses of a ?xed 
shape are measured With respect to a plurality of pixels on 
a CCD or a photo-detector array, it becomes possible to 
detect the existence position of a signal beam pulse With a 
precision of subpixel by calculating the position of the 
center of gravity of detected output signals. 

Optical Pulse Timing Adjustment Apparatus 

[0027] In order to achieve the object, an optical pulse 
timing adjustment apparatus includes an optical sWitch for 
forming an on-state region at only an irradiated portion 
thereof When irradiated With a control beam pulse, and 
transmitting or re?ecting incident signal beam pulses at the 
on-state region so as to spatially sWitch an optical path for 
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the signal beam pulses, a photo-detector equipped With a 
plurality of pixels to detect signal beam pulses transmitted or 
re?ected at the on-state region of the optical sWitch, at a 
pixel corresponding to the region, a timing computation unit 
for acquiring position information of a pixel, at Which a 
predetermined signal beam pulse has been detected, on the 
basis of a result of the detection conducted by the photo 
detector, and computing timing of arrival of a predetermined 
signal beam pulse at the optical sWitch on the basis of the 
position information of the pixel and a time When a region 
corresponding to the pixel is brought into an on-state, and a 
delay apparatus for delaying subsequent signal beam pulses 
on the basis of timing computed by the timing computation 
unit. Timing of arrival of the signal beam pulses at the 
optical sWitch is adjusted. 

[0028] In the optical pulse timing adjustment apparatus 
according to the invention, subsequent signal beam pulses 
are delayed by the delay apparatus on the basis of the timing 
computed by the timing computation unit to adjust the 
timing of arrival of the signal beam pulses at the optical 
sWitch. In this adjustment apparatus, timing ?uctuation in 
the beam pulse or pulse sequence can be detected With a time 
resolution on the order of femto-seconds by providing the 
con?guration of the optical pulse timing detection apparatus. 
As a result, timing in the beam pulse or pulse sequence can 
be adjusted With a time resolution on the order of femto 
seconds. Furthermore, since the timing computation unit can 
compute the timing in real time, the arrival timing can be 
adjusted in real time on the basis thereof. 

[0029] In the optical pulse timing adjustment apparatus, 
the delay apparatus can be formed to delay subsequent 
signal beam pulses so as to make timing of arrival of the 
subsequent signal beam pulses at the optical sWitch become 
desired timing. Furthermore, as the delay apparatus, a delay 
apparatus for changing an optical path length to the optical 
sWitch for signal beam pulses and thereby delaying subse 
quent signal beam pulses can be used. 

[0030] Furthermore, the timing of arrival of each of a 
plurality of kinds of signal beam pulses at the optical sWitch 
can also be adjusted. The optical pulse timing adjustment 
apparatus can be formed so as to include an optical sWitch 
for forming an on-state region on only an irradiated portion 
When irradiated With a control beam pulse, transmitting or 
re?ecting incident signal beam pulses of a plurality of kinds 
by the on-state region, and spatially sWitching optical paths 
for the signal beam pulses of a plurality of the kinds, a 
photo-detector equipped With a plurality of pixels to detect 
signal beam pulses of a plurality of the kinds transmitted or 
re?ected by the on-state region of the optical sWitch, at a 
pixel corresponding to the region, a timing computation unit 
for acquiring position information of a pixel at Which a 
predetermined signal beam pulse has been detected, on the 
basis of a result of the detection conducted by the photo 
detector, and computing timing of arrival of a predetermined 
signal beam pulse at the optical sWitch on the basis of the 
position information of the pixel and time When a region 
corresponding to the pixel is brought to an on-state, and a 
plurality of delay apparatuses respectively provided for the 
kinds of signal beam pulses to delay subsequent signal beam 
pulses so as to make timing of arrival of signal beam pulses 
of a plurality of the kinds at the optical sWitch desired 
timing, on the basis of timing computed by the timing 
computation unit. 
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Optical Pulse Timing Adjustment Method 

[0031] In order to achieve the object, an optical pulse 
timing adjustment method according to the invention 
includes the steps of using an optical sWitch for forming an 
on-state region at only an irradiated portion thereof When 
irradiated With a control beam pulse, irradiating the optical 
sWitch With a control beam pulse, and transmitting or 
re?ecting incident signal beam pulses by the on-state region 
so as to spatially sWitch an optical path for the signal beam 
pulses, detecting signal beam pulses transmitted or re?ected 
at the on-state region of the optical sWitch, at a pixel 
corresponding to the region of a photo-detector equipped 
With a plurality of pixels, acquiring position information of 
a pixel at Which a predetermined signal beam pulse has been 
detected, on the basis of a result of the detection conducted 
by the photo-detector, computing timing of arrival of a 
predetermined signal beam pulse at the optical sWitch on the 
basis of the position information of the pixel and a time 
When a region corresponding to the pixel is brought into an 
on-state, and delaying subsequent signal beam pulses on the 
basis of the computed timing so as to thereby adjust timing 
of arrival of the signal beam pulses at the optical sWitch. 

[0032] In the optical pulse timing adjustment method, 
signal processing can be conducted on the basis of the output 
of the photo-detector. For example, When signal pulses of a 
?xed shape are measured With respect to a plurality of pixels 
on a CCD or a photo-detector array, it becomes possible to 
detect the existence position of a signal beam pulse With a 
precision of subpixel by calculating the position of the 
center of gravity of detected output signals. 

[0033] The optical pulse timing detection method accord 
ing to the invention can also be used in an optical pulse 
measurement apparatus based on comparison of laser pulses 
and an optical pulse measurement apparatus using a fast 
optical oscilloscope. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] FIG. 1 is a diagram shoWing a con?guration of a 
timing detection apparatus according to a ?rst embodiment. 

[0035] FIGS. 2A to 2D are diagrams shoWing a shutter 
function of an optical sWitch in a timing detection apparatus 
shoWn in FIG. 1. 

[0036] FIG. 3 is a sectional vieW shoWing a speci?c 
con?guration of an optical sWitch of transmission type. 

[0037] FIG. 4 is a diagram shoWing a timing computation 
method. 

[0038] FIG. 5 is a diagram shoWing a con?guration of a 
timing detection apparatus according to a second embodi 
ment. 

[0039] FIGS. 6A to 6C are diagrams shoWing a shutter 
function of an optical sWitch in a timing detection apparatus 
shoWn in FIG. 5. 

[0040] FIGS. 7A and 7B are diagrams shoWing a timing 
computation method. 

[0041] FIG. 8 is a diagram shoWing an example of a 
timing detection apparatus using an optical sWitch of re?ec 
tion type. 
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[0042] FIGS. 9A and 9B are diagrams shoWing another 
example of a timing detection apparatus using an optical 
sWitch of re?ection type. 

[0043] FIG. 10 is a diagram shoWing a con?guration of a 
timing adjustment apparatus according to a ?rst example. 

[0044] FIG. 11 is a graph shoWing a relation betWeen a 
discrepancy value in optical pulse arrival timing and a pixel 
position coordinate difference. 

[0045] FIG. 12 is a graph shoWing hoW an optical pulse 
sequence having temporal ?uctuation is corrected. 

[0046] FIG. 13 is a diagram shoWing a con?guration of a 
timing adjustment apparatus according to a third example. 

[0047] FIG. 14 is a graph shoWing hoW temporal ?uctua 
tions of optical pulse sequences of tWo kinds are made 
coincide With each other by correction. 

[0048] FIG. 15 is a diagram shoWing problems in an 
ultra-high speed OTDM technique. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0049] Hereafter, examples of the present invention Will 
be described in detail With reference to the draWings. 

FIRST EMBODIMENT 

Con?guration of Timing Detection Apparatus 

[0050] As shoWn in FIG. 1, a timing detection apparatus 
according to a ?rst embodiment includes an optical 
Waveguide 10, such as an optical ?ber, for transmitting a 
signal beam 1‘, an optical system 20 for expanding the signal 
beam 1‘ emitted from the optical Waveguide 10 and thereby 
obtaining a signal beam 1 composed of a sequence of signal 
beam pulses 1A to 1F, an optical sWitch 30 of transmission 
type equipped With a plurality of regions Wp to Wu func 
tioning as mutually independent optical shutter sections to 
extract output optical pulses 3Au to 3Fp (an output beam 3) 
from the signal beam 1 by on/off operation of the optical 
shutter sections caused by irradiation of a control beam 2, a 
photo-detector 40 for detecting for detecting the output 
beam 3 output from the optical sWitch 30, and a timing 
computation unit 100 for conducting computation to ?nd 
timing of arrival of the signal beam pulses 1A to 1F at the 
optical sWitch 30 on the basis of a result of detection 
supplied from the photo-detector 40. 

[0051] The signal beam 1‘ transmitted in the optical 
Waveguide 10 such as optical ?ber is obtained by multiplex 
ing signal beams of a plurality of channels (six channels in 
FIG. 1) into a time serial stream having a bit rate of 1 tera 
bit/second (Tbit/second) and a pulse time interval of 1 ps. 

[0052] The optical system 20 is formed by combining a 
plurality of lenses. The optical system 20 converts the 
incident signal beam 1‘ to the signal beam 1 formed of the 
signal beam pulses 1A to 1F and having a Wave surface 
spread in a surface direction perpendicular to the travel 
direction. Since the time interval betWeen the signal beam 
pulses is 1 ps, the spatial distance interval becomes 300 pm. 

[0053] The optical sWitch 30 of transmission type is 
formed in a strip form and disposed so that its length 
direction Will become perpendicular to the travel direction of 


















